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Observations: Very warm climate 146-34 Myr ago

Introduction

(Cretaceous/Paleocene/Eocene)

High global mean temperature

Low equator-pole temp diff
(~25°C, now ~45°C)

No significant ice
Tropical SSTs >= modern

Warm deep ocean (15°C)
CO, = 500-5000ppm ??
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Proposed Mechanism

a qualitatively different state of the atmosphere, with
tropical-like deep atmospheric convection and high
tropospheric clouds at mid- to high-latitudes providing a
strong greenhouse effect

warmer surface
== unstable air column

d t. ° °
=> h?;PCCIgL‘;‘:C on » Positive feedback!

m=> greenhouse effect
== warmer surface

may also be relevant for future greenhouse scenarios




Previous Work

Standard CAM + slab ocean model followed by
SPCAM + slab ocean model for:

® |6xPl CO2 concentration
® 4xPl CO2 concentration

Arctic Mean Ice Fraction (60N to 90N)
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Preliminary CAM and SPCAM results
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Next Step

® GOAL: Identify the transient vs equilibrated
response of the feedback during a transient
simulation of increased CO; concentration

|. Run the fully-coupled Community Earth System
Model (CESM) for a transient CO» scenario

2. Run shorter (~10-20 year) SPCAM/SPCESM
simulations taken from CESM snapshots

e when Arctic sea ice has decreased to 50% of
initial value

* at end of CESM simulation (fully equilibrated)




CESM Simulation

® Fully-coupled CESMI.0.2, CAM4 Physics, Finite
Volume dynamical core

® |.9°x2.5° grid for atmos and land components with
the gx|v6 displaced pole grid for ocean and ice

® )5-year spinup simulation holding all trace gases
constant

® Followed by |% per year CO;increase




CESM Simulation

Branch the simulation at the 3xPI point,
allow branch to reach 4xPI

CO2 Concentration vs Time
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Extent Time Series

3xPIl was hit in year 110
4xPl was hit in year 140
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3xPI

Sea Ice Area
(million km?)

4xPI
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3xPI

Surface
Temperature
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Arctic Mean Sea Level Pressure

4xPl only!

Sea Level Pressure
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Convective mass flux
(hPa/day)

Convection seems much weaker in CESM (CAM4) versus CAM3 results

CAM3.5,x4CO2 CESM, years 300-310
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Convective Precipitation Rate
(mm/day)

Little to no increase in winter convective precip compared to CAM3.5

CAM3.5,x4CO2 CESM, years 300-310
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Next Steps

® More analysis of CESM simulation results

® Run SPCAM/SpCESM from restart files at
selected points from the long-term CESM
simulation(s)

® Integrate SPCAM with Eocene boundary
conditions from previously run
simulations (provided by Matt Huber)




